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Sensitive Detection of NADD/NADPD via Strong Coupling Fluorescence
from Silver Nanoclusters
Yufeng Yuan1, Yan Chen2, Kehan Huang1, Haifeng Pan1, Sanjun Zhang1,
Jianhua Xu1.
1East China Normal University, Shanghai, China, 2Tongji Hospital Affiliated
to Tongji University, Shanghai, China.
The pyridine nucleotides (NADþ, NADPþ) are the major coenzymes partici-
pate in multiple redox processes in living cells. Both NADþ and NADPþ are
not fluorescent and almost structurally identical, so it is difficult to directly
distinguish NADþ or NADPþ via optical methods (such as fluorescence and
Raman spectroscopy). We report here a sensitive probe of NADþ/NADPþ
based on fluorescent silver nanoclusters with dual emission band. The silver
nanoclusters with an initial fluorescent emission peak at 410 nm were synthe-
sized by etching large size silver nanoparticles. With the addition of NADþ/
NADPþ solution, due to the strong coupling (charge-transfer) between silver
nanoclusters and ligands (NADþ/NADPþ), a new fluorescence emission
peak of the silver nanoclusters was found and raised at 550 nm and the fluores-
cence intensity was dependent on the ratio between NADþ and NADPþ. The
time-resolved fluorescence decay (at 550 nm) of silver nanoclusters showed a
single-exponential decay lifetime of 3.9 ns caused by the strong coupling be-
tween silver nanoclusters and ligands (NADþ/NADPþ). Meanwhile, the
410 nm emission was also selectively enhanced by the different ratio of
NADþ /NADPþ molecules. The intensity ratio of fluorescence emission at
410nm and 550nm may be useful to monitor the levels of NADþ /NADPþ
in aqueous solutions, cellular extracts and living cells. Candidate mechanisms
and the analysis of time resolved emission spectra will be discussed.
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Non-Destructive Label-Free Monitoring of Drug Intake in Live Cells using
ATR FT-IR Spectroscopy
Pedro L. Fale, K.L. Andrew Chan.
Institute of Pharmaceutical Science, King’s College London, London, United
Kingdom.
Drug resistance is one of themajor challenges in treatment of cancer. The study of
the intake of drugs by cancer cells therefore is vital for elucidating themechanism
of drug resistance. Currently to quantify the intake of drugs involve destructive
methods such as lysing the cell at each time point of analysis followed by UV-
Vis or fluorescence measurements. With this approach, different batches of cell
are used for each time point, increasing the biological variability, and it is not
possible to perform further analysis on the same cell sample. Attenuated total re-
flection Fourier transform infrared (ATR FT-IR) is a promising non-destructive
label-freewhile chemically specific technique for analysis of biomedical samples.
In this work we demonstrated the quantification of drugs (e.g. doxorubicin), in
situ, using the ATR FT-IR method to obtain the drug diffusion profile in the
live cell. HeLa cells grown on a multi-bounce ATR crystal were treated with
20 micromolar of doxorubicin, a concentration level that is relevant to cancer
studies, and FT-IR spectra were collected in a time course using aMCT detector.
Quantification of doxorubicin in the cell was made using the signature peak at
1284 cm-1 showing the accumulation of the drug in cells as a function of time.
The results from the ATR FT-IR measurements have shown that the doxoru-
bicin concentration in the living cell increases from 0 to >50 micromolar after
2 hours of treatment demonstrating the partitioning effect of the drug in the cell.
Furthermore, the cells also present a signature spectrum, which allows to follow
the cell viability in parallel with the drug intake. This is a fast, cost-effective
and chemically selective method which does not require sophisticated equip-
ment and can be adapted easily.
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Photobleaching Correction in Fluorescence Correlation Spectroscopy
Rudra P. Kafle1, Molly R. Liebeskind1, Jens-Christian Meiners2.
1LSA Biophysics, University of Michigan, Ann Arbor, MI, USA, 2LSA
Biophysics and Physics, University of Michigan, Ann Arbor, MI, USA.
Fluorescence correlation spectroscopy (FCS) is a fluorescence technique conven-
tionally used to study the kinetics of fluorescentmolecules in a dilute solution. Be-
ing a non-invasive technique, FCS is now finding wider applications in the study
ofmore complex systems like the dynamics ofDNAor proteins in living cells and
cell membranes. Unlike an ordinary dye solution, the dynamics of macromole-
cules like proteins or entangled DNA, in crowded environments is often slow
and subdiffusive in nature. This in turn leads to longer residence times of the
attachedfluorophores in theexcitationvolumeof themicroscope.As a result, pho-
tobleaching becomes a problem: the number of photons available to calculate the
intensity autocorrelation function is limited, and the decay of the fluorescence in-
tensity itself contributes a spurious signal to the autocorrelation function that can
easily obscure the signature of the molecular dynamics of interest.We present a method of calculating the intensity autocorrelation function from
the arrival times of the photons on the detector that maximizes the information
content while correcting for the effect of photobleaching to yield an autocorre-
lation function that reflects only the underlying dynamics of the sample. For
this purpose, we determine the overall photobleaching rate by fitting a multi-
exponential decay to the fluorescence intensity. Then we assign a weight to
each photon using the reciprocal of this fit function. The autocorrelation func-
tion is then calculated from all photon pairs using the product of the individual
photon weights. This gives late-arriving fluorescence photons that come from a
partially photobleached sample a higher weight than those photons that arrived
earlier, compensating for the loss of some of the fluorophores. We demonstrate
the utility of this technique by acquiring artifact-free FCS data from entangled
DNA solutions and from chromosomal DNA in E. coli.Platform: Cell Mechanics, Mechanosensing, and
Motility II
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High Resolution, Large Deformation 3D Traction Force Microscopy
Jennet Toyjanova1, Eyal Bar-Kochba1, Cristina Lopez-Fagundo2,
Jonathan Reichner3, Diane Hoffman-Kim4, Christian Franck1.
1Engineering, Brown University, Providence, RI, USA, 2Competence Center
for Applied Biotechnology and Molecular Medicine, University of Zurich,
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Traction force microscopy (TFM) is a powerful approach of quantifying
cell-material interactions, which over the last two decades has contributed
significantly to our understanding of cellular mechanosensing and mechano-
transduction. In addition, recent advances in three-dimensional (3D) imaging
and traction force analysis (3D TFM) have highlighted the significance of
the third dimension in influencing various cellular processes. Yet irrespective
of dimensionality almost all TFM approaches have relied on a linear elastic the-
ory framework to calculate cell surface tractions.
This talk presents a new high-resolution 3D TFM algorithm, which utilizes a
large deformation formulation to quantify cellular displacement fields with un-
precedented resolution. The results feature some of the first experimental evi-
dence that cells are indeed capable of exerting large material deformations,
which require the formulation of a new theoretical TFM framework to accu-
rately calculate traction forces. Based on our previous 3D TFM technique we
reformulate our approach to accurately account for large material deformation
and quantitatively contrast and compare both linear and large deformation
frameworks as a function of the applied cell deformation. Particular attention
is paid in estimating the accuracy penalty associated with utilizing a traditional
linear elastic approach in the presence of large deformation gradients.
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Correlative Traction Force Microscopy and Fluorescence Fluctuation
Analysis of Molecular Aggregation and Complex Formation in Cell
Adhesions in Distinct Microenvironments
Alexia I. Bachir1, Jessica Zareno1, Kristopher E. Kubow2, Sangyoon Han3,
Kostadinos Moissoglu4, Gaudenz Danuser3, Enrico Gratton5, Edward Plow6,
Alan R. Horwitz1.
1Cell Biology, University of Virginia, Charlottesville, VA, USA, 2Biology,
James Madison University, Harrisonburg, VA, USA, 3Cell Biology, UT
Southwestern, Dallas, TX, USA, 4Center for Cancer Research, NIH,
Bethesda, MD, USA, 5Biomedical Engineering, UC Irvine, Irvine, CA, USA,
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The mechanical properties of the cellular microenvironment regulate processes
that include migration, proliferation, and differentiation. These interactions
occur at adhesions, which serve as both traction points and signaling hubs and
mediate bi-directional sensing and responses to specific features of the surround-
ing extracellular matrix (ECM). Adhesions execute these activities through an
intricate network of putative molecular interactions that largely remain to be
demonstrated and characterized functionally in living cells. The challenge is
to capture the highly localized and transient associations that characterize
these activities in adhesions and determine how they respond to different micro-
environments. In this study, we use high-resolution fluorescence fluctuation
microscopy to map the formation and stoichiometry of integrin-associated com-
plexes in the adhesions that populate the leading edge of migrating cells. We
focus on putative integrin activating (kindlin and talin) and actin-linking (talin,
vinculin and a-actinin) molecules and show that all molecules are present in ad-
hesions as soon as they are visible; however, they form integrin containing
494a Wednesday, February 11, 2015complexes hierarchically, at different times, with variable stoichiometry within
the adhesion itself and change as the adhesion matures into larger structures. To
parse out the effects of the mechanical properties of the ECM on the numbers,
aggregation states, and associations of these molecules, we extend these mea-
surements to substrates with variable stiffness and correlate them with high-
resolution traction force microscopy (TFM) measurements. We show that
individual and newly formed adhesions at the leading edge of protruding cells
transmit forces on soft as well as stiff substrates, with force magnitudes that
correlate with the integrated intensity of the adhesions and the total number of
individual adhesion molecules. These measurements provide novel information
on complex formation as adhesions evolve and respond to substrate rigidity.
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Tracking Rotation during Leukocyte Rolling Reveals Asymmetric
Adhesion Properties
Isaac T.S. Li1,2, Taekjip Ha1,3, Yann R. Chemla1,2.
1Physics, University of Illinois at Urbana-Champaign, Urbana, IL, USA,
2Center for the Physics of Living Cells, Urbana, IL, USA, 3Howard Hughes
Medical Institute, Urbana, IL, USA.
Leukocytes are responsible for fighting infections in the body. When injuries
occur, selectin molecules are expressed on the surface of nearby blood vessel
walls. These selectin molecules transiently adhere to leukocytes flowing in
the bloodstream and capture them, leading to leukocyte rolling towards the
injury site. Rolling adhesion is critical for leukocytes to locate injury sites
and to activate various signaling pathways for subsequent transmigration and
chemotaxis.
Individual adhesion components involved in rolling adhesion, such as adhe-
sion molecules and membrane tethers have been characterized. However,
models incorporating these properties are still unable to describe fully the roll-
ing behavior. Current models assume uniformly distributed adhesion proper-
ties on cell surfaces due to the lack of measurements quantifying this
distribution. Here, we determined experimentally the spatial distribution of
adhesive properties on leukocyte surfaces. We used dark-field imaging and
particle tracking techniques to extract not only the translational but also the
rotational motion of a single rolling cell. The additional rotational information
allows us to map precisely the whole cell motion and adhesion properties to a
particular cell orientation. We find that the adhesion properties of the leuko-
cyte surface are far from homogenous, with large, localized patches on the
cell surface exhibiting strong or weak adhesive properties. This finding pro-
vides new insight into leukocyte adhesion properties, such as the asymmetric
distribution of receptor and microvilli on rolling cells, and could lead to better
modeling of rolling adhesion.
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Chromatin Association with the Nuclear Envelope Supports Stable Nu-
clear Mechanics
Sarah M. Schreiner1, Peter K. Koo2, Yao Zhao3, Simon G.J. Mochrie2,
Megan C. King1.
1Cell Biology, Yale University, New Haven, CT, USA, 2Physics, Yale
University, New Haven, CT, USA, 3Applied Physics, Yale University, New
Haven, CT, USA.
Although the nuclear lamina is considered to be the primary mechanical de-
fense of the nucleus, lamins are part of an integrated network of lipids, proteins,
and chromatin. Here, we isolate the contribution of chromatin to nuclear
mechanics by employing fission yeast, which lack a nuclear lamina. We have
combined a quantitative imaging platform capable of measuring 3D nuclear
contours in vivo with an in vitro optical tweezers assay to probe the mechanical
properties of S. pombe nuclei. In live cells, we find that association of chro-
matin with the inner nuclear membrane (INM) through integral membrane pro-
teins is required for a normal mechanical response to microtubule (MT) forces.
Increasing loss of integral INM proteins results in highly deformable nuclei
specifically in response to exogenous MT forces. These nuclei also show a
decreased capacity to recover from mechanical stress. Using optical tweezers,
we find that nuclei lacking integral INM proteins are less stiff than wild type
nuclei and have increased chromatin flow, particularly when force is applied
at rates that recapitulate the kinetics of MT dynamics in vivo. Wild type mitotic
nuclei, in which chromatin is globally released from the INM, are extremely
soft and also display increased chromatin flow compared to interphase nuclei.
Interestingly, decreasing the chromatin to nuclear volume ratio without altering
the association of chromatin with the INM has only a slight effect on stiffness
and does not alter chromatin flow. Together, these findings suggest that associ-
ation of chromatin with the nuclear envelope underlies nuclear stiffness.
Further, release of chromatin from the INM allows chromatin to flow into
MT-dependent fluctuations of the nuclear envelope, leading to larger, longer-
lasting nuclear deformations. Lastly, these results suggest that chromatinassociation with the lamina may contribute to the mechanical behavior of meta-
zoan nuclei.
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Three-Dimensional Balance of Cortical Tension and Axial Contractility
Enables Fast Amoeboid Migration
Begona Alvarez-Gonzalez1, Ruedi Meili2, Effie Bastounis2,
Richard A. Firtel2, Juan C. Lasheras1, Juan C. del Alamo1.
1MAE, UCSD, La Jolla, CA, USA, 2Cell and Developmental Biology,
UCSD, La Jolla, CA, USA.
Fast amoeboid migration requires cells to apply mechanical forces on their sur-
roundings via transient adhesions. However, the mechanistic role of forces in
controlling cell shape changes and cell migration speed remains largely un-
known. To address these questions, we used three-dimensional force micro-
scopy to measure the in-plane (tangential) and out-of-plane (normal) forces
exerted by cells crawling on flat surfaces. From the measured normal forces,
we estimated the cells’ cortical tension using a Young-Laplace’s model. We
examined chemotaxing wild-type Dictyostelium cells, as well as mutants
with defects in contractility, internal F-actin crosslinking, and cortical integrity,
and demonstrated that once the cells initiate their migration and polarize, they
generate tangential traction forces by myosin II contractility, which requires an
internal crosslinked F-actin network. Simultaneously, cortical tension provides
an additional mechanism that generates the normal forces and that does not
require myosin II. The 3-D pulling forces generated by both mechanisms are
internally balanced by an increase in cytoplasmic pressure that allows cells
to push down on their substrate without adhering to it. These compressive
pressure-induced forces are not associated to adhesion sites, and may allow
amoeboid cells to push off surrounding structures when migrating in complex
three-dimensional environments. Our findings are consistent with a model in
which the two force-generating cellular domains are mechanically connected
by myosin I crosslinking that enables the communication of forces between
the domains. Furthermore, we found that the balance between axial myosin
II contractility and cortical tension is important to produce the cell shape
changes needed for locomotion, as cell migration speed correlates with the ratio
of the magnitudes of the tangential traction forces to the normal ones. These
results reveal a novel role for 3-D cellular forces in establishing the efficiency
of amoeboid cell movement.
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Measuring Mechanical Force during Zebrafish Development using an
Expressible Tension Sensor
Andrea Hamilton1, Victoria Wu2, Alex Dunn3, Ingmar Riedel-Kruse2.
1Molecular and Cellular Physiology, Stanford University, Palo Alto, CA,
USA, 2Department of Bioengineering, Stanford University, Palo Alto, CA,
USA, 3Department of Chemical Engineering, Stanford University, Palo Alto,
CA, USA.
Early vertebrate development is a mechanically dynamic process. Embryos
undergo radical morphological changes to mold a ball of cells into the recog-
nizable planes of a frog or fish or mouse. Along with more basic morphogen-
esis, evidence exists that mechanical force can play a determinative role in
processes such as differentiation and tissue sorting. Yet, while the chemical
and genetic signals underlying early development have long been studied,
the mechanical stresses defining the physical landscape of the embryo remain
poorly understood, particularly at the cell and molecule scale. An expressible
fluorescence resonance energy transfer (FRET) based probe has been devel-
oped to measure piconewton force levels in vivo (Grashoff et al. 2010). We
adapt this Tension Sensor Module (TSMod) for use in the zebrafish embryo
using the epithelial cell adhesion molecule, EpCAM. In doing so we validate
FLIM-FRET for use in zebrafish embryos and show that TSMod can be used
to make meaningful cell and tissue scale force measurements in a developing
vertebrate system.
2497-Plat
Two Distinct Regimes of Integrin Molecular Forces
Xuefeng Wang, Taekjip Ha.
physics, university of illinois at urbana-champaign, Urbana, IL, USA.
Forces transmitted by integrins activate focal adhesion kinase (FAK) and regu-
late cell adhesion, spreading and migration. However, the magnitudes and sour-
ces of the molecular forces involved with these mechanical regulations remain
largely unknown. Here we discovered two distinct regimes of integrin molec-
ular forces generated by cell membrane and actomyosin, respectively, and that
they govern different cellular functions. Using integrin ligands linked with ten-
sion gauge tether (TGT), we showed that TGT with 54 pN tension tolerance
(Ttol) is specifically ruptured at focal adhesions (FA) in CHO-K1 cells or central
regions of cell-substratum contact area in neutrophil-like dHL-60 cells, indi-
cating that remarkably strong forces can be applied to a single integrin. This
